The novel biomarker LRIG3 is a member of the LRIG family (LRIG1-3). While LRIG1 has been associated with favorable prognosis and LRIG2 with poor prognosis in invasive cervical cancer, little is known about the role of LRIG3. The aim of this study was to investigate the expression of LRIG3 in invasive cancer and cervical intraepithelial neoplasia (CIN) for possible correlation with other tumor markers, to hormones and smoking, as a diagnostic adjunct in CIN, and prognostic value in invasive cancer. Cervical biopsies from 129 patients with invasive squamous cell carcinoma and 170 biopsies showing low grade and high grade CIN, or normal epithelium were stained for LRIG3 and 17 additional tumor markers. Among other variables the following were included: smoking habits, hormonal contraceptive use, serum progesterone, serum estradiol, high-risk HPV-infection, menopausal status and ten-year survival. In CIN, high expression of the tumor suppressors retinoblastoma protein, p53, and p16, and Ecadherin (cell-cell interaction), or low expression of CK10, correlated to LRIG3 expression. In addition, progestogenic contraceptive use correlated to high expression of LRIG3. In invasive cancer there was a correlation between expression of the major tumor promoter c-myc and high LRIG3 expression. High LRIG3 expression correlated significantly to presence of high-risk HPV infection in patients with normal epithelium and CIN. There was no correlation between LRIG3 expression and 10-year survival in patients with invasive cell cervical cancer. LRIG3 expression is associated with a number of molecular events in CIN. Expression also correlates to hormonal contraceptive use. The results on expression of other tumor markers suggest that LRIG3 is influenced by or influences a pattern of tumor markers in cancer and precancerous cells. Further studies are needed to elucidate if LRIG3 expression might be clinically useful.
Introduction
The human leucine-rich repeats and immunoglobulin-like domains (LRIG) protein family comprises integral plasma membrane proteins LRIG1, 2, and 3.
1 LRIG1 negatively regulates growth factor signalling and is a proposed tumor suppressor. 2 In early stage uterine cervical carcinoma, expression of LRIG1 has been associated with good survival 3 and LRIG2 expression appeared to be a significant predictor of poor prognosis in one study. 4 LRIG1 and LRIG2 expression was observed in normal epithelium and in precancerous cervical epithelium [cervical intraepithelial neoplasia (CIN)] and found to increase with increasing grade. 5 Less is known about the function and expression of LRIG3 and it has not been studied in squamous cell cervical carcinoma (SCC) or CIN previously. The protein encoded by the LRIG3 gene is a single chain transmembrane glycol-protein, composed by an extracellular part with a leucine-rich repeats domain, three immunoglobulin-like domains, and an intracellular domain.
1 LRIG3 is located at chromosome12q13.2, which is a site susceptible to gene deletions that are related to the development of a variety of tumors. [6] [7] [8] All previously investigated human tissues express LRIG3 mRNA to varying degrees. The highest expression has been seen in stomach, skin and thyroid, and low expression in heart and blood. 1 The expression pattern and function of the LRIG3 gene in human tumors is not fully clarified. Data on LRIG3 expression and the association with clinic-pathological features of human cancers is still rare.
The purpose of the present study was to evaluate the expression of the LRIG3 protein in normal cervical tissue, CIN, and invasive squamous cell carcinoma, and to investigate the expression of LRIG3 and possible interactions with other tumor markers, high-risk HPV (HR-HPV) infection, correlation to hormones and smoking, and clinical outcome.
Materials and Methods
The entire study population comprised 299 prospectively recruited women; the first study group included 129 women with invasive squamous cell carcinoma who had been admitted to the Department of Gynecologic Oncology, Norrlands University Hospital, Umeå, during 1984-1990 and followed up until the mid-2000s. (HCIN) . The clinical history included menopausal status, reproductive events, smoking habits, and hormonal contraceptive use. Ten-year survival was recorded for cancer patients. Seventeen tumor markers were included in the study in addition to LRIG3. In patients with normal epithelium or CIN expression of CD4 + , CK10, cox-2, e-cadherin, EGFR, FHIT, IL-10, Ki-67, LRIG 1-3, p16, p53, and Rb were studied. In patients with invasive cancer, expression of CD4+, CD44, cmyc, cox-2, e-cadherin, EGFR, Ki-67, LRIG1-3, p27, p53, and VEGF were diagnosed.
The tissue micro array (TMA) used in this study and details have been reported previously. 3, 4 Briefly, three-micrometer sections of the original paraffin blocks were reviewed by a senior pathologist and the most representative area(s) were marked for TMA. Two-millimeter punch biopsies were taken from the original blocks corresponding to the marked area and joined into TMA paraffin blocks, containing 24-30 punch biopsies. Immunohistochemical staining of LRIG3 was carried out with polyclonal rabbit antibodies against the cytoplasmic tail of the protein. 11 LRIG3 antibodies were provided by the Department of Oncology, Norrlands University Hospital, Umeå. For immunohistochemistry glass slides were deparaffinized in xylene (2 15 min), dehydrated through graded alcohols and endogenous peroxidase was blocked (using H 2 O 2 in 70% ethanol). Antigen retrieval was performed using Target Retrieval Solution (TRS pH 6.0 or pH9.0, Labvision, Fremont, CA, USA) in a decloaking chamber (Biocare Medical, Walnut Creek, CA, USA) for 4 min at 125°C. Thereafter the slides were immunostained in the automated staining instrument, where primary antibodies and secondary reagent were each incubated for 30 min at room temperature (RT). Finally, the slides were incubated with diaminobenzidine (DAB) as chromogen for 10 min and counterstained with Mayers hematoxylin (Sigma-Aldrich, St Louis, MO, USA) for 15 min. Slides were washed in distilled water for 10 min, dehydrated through graded alcohols to xylene, and mounted in Pertex organic mounting medium (Histolab, Gothenburg, Sweden). Details about LRIG and the antibodies that showed some correlation to LRIG3 are given in Table 1 . The remaining 11 tumor markers did not show any correlations to LRIG3 expression and details and major functions are described elsewhere. 4, 5, 12 The neoplastic cells showed cytoplasmic staining of LRIG3 with higher perinuclear density ( Figure 1 ). LRIG3 antibodies were provided by the Department of Oncology, Norrlands University Hospital, Umeå. Details about the antibodies that showed some correlation to LRIG3 are given in Table 1 . The remaining 11
Original Paper tumor markers did not show any correlations to LRIG3 expression. Expression of the 18 biomarkers included was evaluated by one external senior pathologist, who was blinded for clinical details. Frequency of stained cells and intensity of staining was diagnosed. Expression was scored as high when 20% or more of the cancer cells were immunopositive and as low when less than 20% of the cancer cells were immunopositive. This cut-off level was chosen because it showed the best explanatory power when different cut-off levels were tested (0%, 1-19%, 20-49%% and 50-100%). Occasionally, it was not possible to evaluate expression of a specific tumor marker in a specific tissue. As it was not systematic in any study subject, the whole study population was included and the number of evaluations of specific tumor markers thus differed with a few observations. All women had serum progesterone and serum estradiol analyzed, as well as current hormonal contraceptive use and smoking habits. 
Results
Mean age of women with normal histology or CIN was 36.4 years (range 18-65) and 59.7 years (range 24-89 years) in women with SCC. In the former group 15% were postmenopausal, while the corresponding figure in women with SCC was 69%. Expression of LRIG3 could be evaluated in 119 (92.2%) of cancer patients and in all 170 women with normal histology or CIN. In patients with SCC the clinical stage and age correlated with 10-year survival, but age was non-significant after adjustment for stage. Ten-year mortality rate was 41% and expression of LRIG 3 had no prognostic significance. In patients with normal epithelium or CIN 35.7% were current smokers and in SCC 48% were current smokers. LRIG3 expression showed no association with smoking. There was a trend for higher LRIG3 expression in HCIN compared to LCIN and normal epithelium. High expression of LRIG3 ( 20% stained cells) was observed in 15-19% in normal epithelium and low-grade CIN compared to 29-42% in high-grade CIN (CIN 2 and CIN 3 and in invasive cancer (Table 2) . High LRIG3 expression correlated significantly to the presence of HR-HPV infection compared to no HR-HPV infection (28.3% vs 11.9%, P=0.046, not shown in Table) . When LRIG3 expression was adjusted for histopathological diagnosis, i.e. normal, LCIN and HCIN, the correlation to presence of HR-HPV infection vanished (P=0.18). Correlation to HPV infection was not studied in patients with invasive cancer where HPV is expected to be found in close to all tumors. In CIN, Rb, p53, p16 and ECadherin expression was associated with high LRIG3 expression, while CK10 expression correlated to low LRIG3 expression. In invasive cancer there was a positive correlation between expression of major tumor promoter c-myc, and high LRIG3 expression (Table 3 ). In CIN there was also a significant correlation between progestogenic hormonal contraceptives use and a high expression of LRIG3 (Table 4) .
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Discussion
All three LRIG proteins are expressed in many cancer types. 2 In the LRIG family the function of LRIG3 is little known. Studies presented indicate LRIG1 function as a tumor suppressor. LRIG2 expression correlates to poor prognosis in early stages of cervical cancer and in some other human cancers types. 2, 4, 15, 16 Data on LRIG3 expression and the association with clinico-pathological features of human cancers are still rare. To our knowledge no data has yet been presented for the role of LRIG3 in CIN or invasive cervical cancer. In contrast to LRIG1 and LRIG2 no association between LRIG3 expression and survival was found in this study. The study only included cervical squamous cell carcinoma which has not been previously studied. In a recent study of cervical adenocarcinoma, however, both LRIG1 and LRIG3 expression was reported to be associated with favorable outcome. Only LRIG3 appeared to with favorable prognosis in multivariate analyses. 17 This might seem contradictory to our results but we have previously shown that squamous cell and adenocarcinoma does not entirely show a similar tumor marker status. Thus expression of 11 tumor markers were studied and expression of six of these differed significantly between squamous cell and adenocarcinoma. None of these correlated to prognosis in adenocarcinoma, while p53, c-myc and cycloxygenase 2 (Cox-2) did; 18 there was no evidence that LRIG3 expression could be used as an adjunct for diagnostic purposes. In highgrade CIN and invasive cancer expression was slightly higher (29-42%) than in normal epithelium (19%) and low-grade CIN (15%) but these differences are insufficient to be used in diagnostics. In astrocytic tumors perinuclear staining of LRIG3 inversely correlated with WHO grade and significantly correlated with better survival, but is not yet confirmed. 19 In vitro studies of glioblastoma cells demonstrated that RNA against LRIG3 could effectively down regulate LRIG3 gene expression, suggesting that LRIG3 might serve as a tumor suppressor gene in the pathogenesis of glioma. [20] [21] [22] On the other hand, in vitro studies in bladder cancer by Yuan et al. suggested that overexpression of the LRIG3 gene might be of procancer nature. By employing RNA interference technique they found that lowered expression of LRIG3 gene in bladder cancer cells resulted in decreased growth of bladder cells, changes in cell cycle and increased apoptosis. 23 In the present study a trend was showed that expression of LRIG3 in HCIN was lower than in LCIN and normal epithelium. Expression of LRIG3 did not correlate with survival or stage in squamous cell cervical cancer which indicates that it is of less clinical importance in this cancer type. This study showed that LRIG3 expression correlated to high-risk HPV infection in normal epithelium and CIN. But when LRIG3 expression was adjusted for histopathological grade, i.e. normal, LCIN and HCIN, the correlation vanished. LRIG3 expression was high both in HPV infections and HCIN and the correlation between LRIG3 and HPV infection might merely be a confounder for CIN grade. In patients with CIN, high expression of LRIG3 correlated to progestogenic contraceptive use but there was no correlation to use of combined oral contraceptives (OC). There are some studies supporting long-term oral contraceptive use (more than 4-5 years) as risk factor for cervical cancer. 24, 25 Few studies have looked into gestagenonly contraceptives and CIN, but Samir et al. found a high expression of p53 in progestogenonly users compared to non-users, and also differences in Cox-2 and Rb expression between progestogen-only users and OC. 26 This is consistent with our results on different LRIG3 expression in these two types of hormonal contraceptives. In a phase II trial treatment with vaginal progesterone in women with LCIN a lower rate of disease regression and a higher rate of surgical interventions was observed. 27 On the other hand, in a study by Darwish et al. prolonged use of progestogen-only contraceptives (more than 3 years) was not associated with increased risk of abnormal cytological findings; 28 in general, however, at least 5 years exposure is often defined as long-term use. The molecular role of progestogenic contraceptives is not thoroughly studied in CIN, but unfavorable prognosis and patterns of tumor markers has been reported with high serum progesterone levels. 12, 29 An interesting finding in CIN was that three tumor suppressors, Rb, p53 and p16 correlated to expression of LRIG3. In addition, E-Cadherin expression was associated with high, while CK10 expression correlated with low LRIG3 expression. p16 is a biomarker for transforming HPV infections that could act as an adjunct to current cytological and histological assessment of cervical smears and biopsies. Immunohistochemical analysis of p16 expression is used as a diagnostic tool. Expression is related to the degree of histological dysplasia, suggesting that it may have prognostic and predictive value in the management of cervical neoplasia. 30 Although there is good evidence that p16 immunostaining correlates with the severity of cytological/histological abnormalities, the reproducibility is limited, due to insufficiently standardized interpretation of the immunostaining. 31 In a recent study, p16 expression did not independently correlate to HPV positivity but correlated independently with increasing CIN grade. 14 These results and our findings that high LRIG3 expression was associated with p16 expression as well as increasing CIN grade may indicate that LRIG3 could have a clinical usefulness in CIN. LRIG3 expression is probably of less use in HPV detection as both increase by increasing CIN grade. p53 is a key cell-cycle regulator and induce cell-cycle arrest at the G1 and G2 checkpoints prior to DNA replication and allowing repair of damaged DNA; 32 p53 expression has been associated with good prognosis in cervical cancer. 33 The positive correlation between high p53, as well as high Rb expression, and LRIG3 expression has not been previously studied. Besides p53, Rb is one of the classic tumor suppressors; both proteins are inactivated by HPV oncogenes. In CIN, little is known about mechanisms in tumor suppression and the correlations found in the present study warrants further research. 34 In addition, there was a negative and positive corOriginal Paper Table 4 . LRIG3 expression and hormonal contraceptives, sex steroid hormones, and smoking in patients with cervical intraepithelial neoplasia and normal epithelium.
High LRIG 3 expression n (%)
Low LRIG 3 expression n (%) P-value relation, respectively between CK10 and E-cadherin expression, and LRIG3 expression. Both proteins are rarely studied in CIN, 14 ,35 the former involved in the cytoskeleton, the latter in cell-cell interactions. Finally, the only tumor marker that correlated to LRIG3 expression in invasive cancer was c-myc. Paradoxically, LRIG3 correlated to tumor suppressor expression in CIN, but not to c-myc, a potent oncoprotein in cervical cancer. However, LRIG3 was not a prognostic predictor, while c-myc has been incriminated in tumor progression. 33 In one study a combination of c-myc and bcl expression was used to discriminate between invasive cervical cancer and earlier lesions. Co-expression was only found in invasive cancer, but the sensitivity was very low. 36 In conclusion, LRIG3 did not have prognostic value as a single marker or in combination with other tumor markers studied in invasive squamous cell cervical cancer. In CIN a positive correlation with LRIG3 expression and HR-HPV, use of progestogenic contraception and tumor suppressors Rb, p53 and p16 gives support that LRIG3 is involved in the development of neoplasia. The results on expression of other tumor markers suggest that LRIG3 is influenced by or influences a pattern of tumor markers in the precancerous cells. Whether LRIG3 is activated in defense of CIN development or is a promoter has not yet been clarified. Future studies will show if LRIG3 can be a candidate to be part in a panel of tumor markers in diagnosis and prognosis of CIN.
